We investigate the symmetry property and construct the wave function of the dibaryon states containing two strange quarks with S=0 in both the flavor SU(3) symmetric and breaking cases. We discuss how the color ⊗ isospin ⊗ spin states of dibaryon in the symmetry broking case of flavor SU(3) can be extracted from the fully antisymmetric states in flavor SU(3). The stability of the dibaryon against the strong decay into two baryons are then discussed, by using the variational method within a constituent quark model with a confining and color-spin interactions. To compare our results with that from lattice QCD in flavor SU(3) limit, we search for the stable H-dibaryon in a wide range of π meson mass. We find that with the given potential, there is no compact six quark dibaryon state in the SU(3) flavor symmetry broken case with realistic quark masses as well as in flavor SU(3) symmetric case in a wide range of quark masses.
I. INTRODUCTION
Since Jaffe [1] [2] [3] suggested the possible existence of tetraquarks and dibrayons in QCD, based on the onegluon exchange color spin interaction, multi-quark systems have been explored in various models and searched for experimentally over several decades. Attempts to find a stable multi-quark systems have been made by many researchers using the chromomagnetic model based on the color spin interaction. For example, for the X(3872), which by now is widely believed to be a J P C =1 ++ state, Hogassen [4, 5] suggested that it could be a tetraquark state with a strong mixing of the color octet-octet component of the two quark-antiquark pair within the color spin interaction. Silvestre-Brac systematically classified dibaryons consisting of light quarks within the flavor SU(3) symmetry [6] and those containing two different types of heavy quarks [7] : These papers have discussed the stability of the multi-quark system and their relation to the hyperfine splitting.
The dynamical problem of studying the stability of the multi-quark system has been studied mainly using the variational method with a nonrelativistic Hamiltonian, including the confinement and hyperfine potential. The ground states ofsystems with L=0, have been extensively calculated with the harmonic oscillator bases in Ref [8, 9] . Calculations based on the simple Gaussian spatial function have been made in Refs. [10] and [11] to study the stability ofand qqQQ (Q= c or b) system respectively. Two of us [12] have also introduced the correlation between quarks in the Gaussian spatial function to investigate its effect on the stability of qqQQ (Q= c or b) system. In addition to these variational methods, a powerful tool, using the hyperspherical harmonic basis * diracdelta@hanmail.net † lacid0220@naver.com ‡ suhoung@yonsei.ac.kr functions, have been developed in Ref. [13, 14] to solve the four-body problem in the tetraquark. The stability study in the dibaryon sector has also been pursed with several other models [15] [16] [17] [18] . For dibaryons containing light quarks only, the H-dibaryon is expected to be the most stable state as the color spin hyperfine splitting is most attractive, even compared to the two Λ baryons. While the model study based on the Goldstone exchange interaction cast some doubt on the existence of the H-dibaryon [19] , recent results from lattice QCD have suggested that the H-dibaryon would be bound for massive π mass [20, 21] . Also, the H-dibaryon was found to be bound in a chiral constituent quark model calculation [22] .
The purpose of this paper is to find the color ⊗ isospin ⊗ spin states in the SU(3) flavor symmetry broken case appropriate for the dibaryon containing two strange quarks with S=0 that is compatible with a symmetric spatial wave function, and then calculate the mass of the dibaryon by using the variational method, with the color-spin hyperfine potential introduced in Ref. [23] . In particular, by going through the systematic construction of the color ⊗ isospin ⊗ spin states in general, we find the corresponding state for the symmetry broken case of flavor SU (3) . Lastly, we search for the stability of the H-dibaryon in the flavor symmetric limit of SU (3) as a function of the pion mass. Through this work, we will be able to verify if a compact H dibaryon exists in the symmetry breaking case or the symmetric limit of SU (3) within the given Hamiltonian. If the recent lattice result of stable H dibaryon in the massive pion case turns out to be valid, our result strongly suggests that the state should be a hadronic bound state and/or loosely bound molecular state. This paper is organized as follows. We first present the Hamiltonian, and calculate the mass of both baryon octet and decuplet to determine the fitting parameters of the model, and construct the spatial wave function of the dibaryon in section II. In section III, we construct the color ⊗ isospin ⊗ spin states in both the flavor SU (3) symmetric and broken cases, establishing the relation between the two cases. We show the numerical results obtained from the variational method in section IV. Finally, we summarize the results in section V. The appendices includes some details of the calculations.
II. HAMILTONIAN
To investigate the stability of dibaryon, we adopt the following nonrelativistic Hamiltonian that contains the confinement and hyperfine potential for the color and spin interaction.
where m i 's are the quark masses, λ c i /2 the color operator of the i'th quark for the color SU (3) , and V C ij and V SS ij the confinement and hyperfine potential, respectively. For the confinement potential, we take half-linearising potential and Coulomb potential as follows:
Here, the first term comes from the perturbative onegluon exchange, and the second confining part will more likely give stability to the dibaryon and other multi-quark system compared to taking a linearly rising potential but will not change the main result.
For the hyperfine potential, we take the potential to be dependent upon spin interaction as follows:
Here, r ij is the distance between interquarks, | r i − r j |, and both (r 0ij ) and κ ′ are chosen to depend on the masses of interquarks, given by,
The hyperfine potential splits the baryon octet as well as baryon decuplet masses. Moreover, in the heavy quark mass limit m i → ∞, the functional form of the hyperfine potential in Eq. (3) approaches 1/(m i m j ) δ(r). By introducing the additional parameters in Eq. (4), one is able to reproduce the experimental observation that the mass differences between psudoscalar and vector meson forstates decrease slower as a function of the masses than that given by the inverse mass relation given in Eq. (3). In the Hamiltonian, the fitting parameters have been chosen to reproduce the experimental values of both the baryon octet and decuplet masses using the variational (GeV) −3/2 GeV GeV GeV GeV GeV method and typically used constituent quark masses. The fitting parameters are given in Table I . As in our previous work [24] , we will choose the color ⊗ isospin ⊗ spin state and the spatial wave function with a simple Gaussian form for the baryons and calculate the mass of both baryon octet and decuplet with the new fitting parameters using the variational method. The masses are given in Table II.   TABLE II . Tthe mass of baryon octet and decuplet obtained from the variational method. The third row shows the experimental data [25] (unit: GeV).
(I,S) ( In calculating the mass of dibaryon containing two strange quarks with spin=0, we need the spatial function appropriate for six-quark system with a certain symmetry property. Since we will construct the color ⊗ isospin ⊗ spin state of the dibaryon to be antisymmetric among particles 1, 2, 3, and 4, and at the same time antisymmetric between particles 5 and 6, which will be denoted by {1234}{56}, the symmetry property of spatial function should be symmetric among particles 1, 2, 3, and 4, and at the same time symmetric between particles 5 and 6, due to Pauli principle; we will denote the symmetry property of the spatial function by [1234] [56].
In order to describe the six-quark system, we consider the center of mass frame, so that the number of suitable Jacobian coordinates of the system is reduced to 5. The five Jacobian coordinates are given by
Then, we can construct the spatial wave function of the dibaryon in a Gaussian form, which will be used to carry out the variational method, given by,
where a, b, and c are variational parameters. It is easily found that the symmetry of the spatial wave function has the [1234] [56] property, required by the color ⊗ isospin ⊗ spin state of the dibaryon.
III. CLASSIFICATION OF DIBARYON CONTAINING TWO STRANGE QUARKS WITH SPIN=0
A.
The state of Dibaryon with respect to isospin states
In this section, we investigate the state of the dibaryon containing two strange quarks with S=0, with flavor symmetry represented by SU (2) . The symmetry breaking of SU(3) in flavor part is caused by taking the strange quark mass to be heavier compared to m u (=m d ). When we choose the symmetry of spatial function to be symmetric under the exchange of any two particles among 1, 2, 3, and 4, and at the same time symmetric under the exchange of two particles between 5 and 6, the fixing of the position of two strange quarks onto the fifth and sixth is convenient to classify the dibaryon state. The four light quarks except for two strange quarks would be characterized by introducing Young tableau corresponding to isospin states, as follows;
[5]
Here, the dimension of each isospin state is shown below the Young tableau.
In our case where we choose the symmetry of spatial function of the dibaryon to be [1234] [56], the color ⊗ isospin ⊗ spin state of the dibaryon will be chosen to be {1234}{56} in order to satisfy Pauli principle. When we fix the positions of the two strange quarks onto the fifth and sixth, the partly antisymmetric state of the color ⊗ isospin ⊗ spin state can be easily obtained from classifying the multiplets of the direct four product of [12] CIS multiplied by direct two product of [6] CS , which represent the fundamental representation of SU (12) CIS and SU (6) CS , respectively. Since the state of {1234} by the direct four product of [12] CIS gives the multiplet with dimension 495 corresponding to Young tableau [1 4 ], and the state of {56} by the direct two product of [6] (8) . By using the Young tableau, we can easily find that the multiplets in Eq. (8) is {1234}{56}. Because the color state of the dibaryon is supposed to be a physically observable color singlet which corresponds to Young tableau [2, 2, 2] , and the spin state of the dibaryon in our works is confined to S=0 which corresponds to Young tableau [3, 3] , we need the possible color ⊗ spin states by combining color singlet with S=0 state, which will be called CS coupling scheme. Then, only the color ⊗ spin states obtained from the CS coupling scheme are allowed among the multiplets in Eq. (8) . Since Young tableau corresponding to the color ⊗ spin states are [3, 3] 
Isospin ⊗ color ⊗ spin state of the dibaryon
Before constructing the color ⊗ isospin ⊗ spin state, we emphasize that the {1234}{56} state of the dibaryon containing two strange quarks with S=0 can be obtained from the CS coupling scheme with respect to isospin states, but also be derived from a fully antisymmetric color ⊗ flavor ⊗ spin state, in which flavor is SU (3) . For this reason, we will specifically indicate the flavor state in terms of SU(3) symmetry; as we will show later, we find that the symmetry breaking of SU(3) from a fully antisymmetric color ⊗ flavor ⊗ spin state of the dibaryon lead to the {1234}{56} state.
As was shown in a previous paper by two of us [24] , the color singlet and S=0 state of the dibaryon are given by the corresponding Young-Yamanouchi basis, respectively; 
In order to construct the {1234}{56} state of the dibaryon, we need to know the color ⊗ spin state, which can be derived from the CS coupling scheme. The CS coupling scheme is technically completed by using Clebsch-Gordan (CG) coefficient, given by the following formula [26] ,
where S in the left-hand (right-hand) side is a CG coefficients of S n (S n−1 ) permutation group, and K is an isoscalar factor, which is called K matrix that factorizes the CG coefficients of S n into a CG coefficients of S n−1 multiplied by the isoscalar factor. In this notation, [f p ], which represent the Young tableau associated to S n−1 , can be obtained from [f ], the Young tableau of S n , where the pqy represents the row positions of the last three particles in the Young tableau [f ], by removing the n-th particle. In order to obtain the CG coefficients of S n , we repeat the process of factorizing the CG coefficients of S 6 further, until Eq. (11) is extended into the following formula [27] ,
where S in the third row is the CG coefficient of S 3 . When we find out the CG coefficients using Eq. (12), we use the results obtained by Stancu and Pepin [28] about the relevant isoscalar factors for S 4 , S 5 , and S 6 appearing in Eq. (12) , as showed in the previous our paper [24] .
Then, we can calculate the CG coefficients between Young tableau [2,2,2] of color singlet state and [3, 3] of S=0 state in making the representation of [3, 3] , [2, 2, 1, 1] , and [1 6 ] of the CS coupling scheme. The color ⊗ spin state will be denoted by |C, S 0 , all of which are given in Eq. (13, 14, 15) .
We note that the basis function of Young tableau is expressed by Young-Yamanouchi representation, whose symmetry property is symmetric with respect to any neighboring particles that lie in the same row, and is antisymmetric with respect to any neighboring particles that lie in the same column. The color ⊗ spin state, which consist of the linear sum of combining the color singlet state with S=0 state will be presented in Appendix B.
The CS coupling scheme, which represent the color ⊗ spin states for Young tableaux [3, 3] , [2, 2, 1, 1] , and [1 6 ] are given as follows;
• CS coupling with Young tableau [2,2,1,1] : 9 bases
• CS coupling with Young tableau [3, 3] : 5 bases functions
• CS coupling with Young tableau [1 6 ] : 1 basis function
For the isospin part with I=0, the constituent quarks except for two strange quarks of the dibaryon comprise Young-Yamanouchi basis of Young tableau [2, 2] with dimension 2, given by, 
By F 27 we mean that this state originally come from a fully antisymmetric state with flavor 27 multiplet, as the symmetry breaking of flavor SU (3) is imposed on the constituent quarks. The symmetry property is easily perceived in a sense that the linear sum of YoungYamanouchi [2, 2] basis ⊗ Young-Yamanouchi [2,2] basis gives [1 4 ] basis for particles 1, 2, 3, and 4, and particles 5 and 6 in the color ⊗ spin state is antisymmetric due to the positions in the same column.
In addition to the state, {1234}{56} [F 27 ;I 0 ,C,S 0 ] , there is another state, originally coming from a fully antisymmetric state with flavor singlet, as the symmetry breaking of flavor SU (3) is imposed on the constituent quarks ;
For the isospin part with I=1, the constituent quarks, apart from the two strange quarks of the dibaryon, comprise the Young-Yamanouchi basis of Young tableau [3, 1] with dimension 3, given by,
Then, we can construct the {1234}{56} state of the dibaryon with I=1 and S=0 by combining the isospin state with the color ⊗ spin state of Young-Yamanouchi
Therefore, from the right hand side in Eq. (22), we can show that the left side in Eq. (22) is antisymmetric with respect to the exchange between particle 5 and 6. For the isospin part with I=2, the constituent quarks, except for the two strange quarks of the dibaryon, comprise the Young-Yamanouchi bases of Young tableau [4] with dimension 1, given by,
Then, we can construct the {1234}{56} state of the dibaryon with I=2 and S=0 by combining the isospin state with the color ⊗ spin state of Young-Yamanouchi basis [1 6 ] ;
In the same way, the {1234}{56} [F 28 ;I 2 ,C,S 0 ] originates from a fully antisymmetric state with flavor 28 multiplet. In this case, the symmetry property is easily understood due to the fact that the color ⊗ spin state of YoungYamanouchi basis [1 6 ] is fully antisymmetric among particles 1, 2, 3, 4, 5, and 6.
In addition to the state, {1234}{56} [F 28 ;I 2 ,C,S 0 ] , there is another state, originally coming from a fully antisymmetric state with flavor 27 multiplet ;
In this case, the symmetry property is easily understood due to the fact that the color ⊗ spin state of YoungYamanouchi basis [2,2,1,1] is antisymmetric among particles 1, 2, 3, and 4, and antisymmetric in the exchange of 5 and 6.
C. Completely antisymmetric flavor ⊗ color ⊗ spin state of the dibaryon with S=0
Until now, we investigated the classification and the flavor ⊗ color ⊗ spin state of the dibaryon, which contains two strange quarks with S=0. From now on, as mentioned in subsection B, we will show that the isospin ⊗ color ⊗ spin state of the dibaryon with S=0 found in subsection B can be explicitly extracted from the completely antisymmetric flavor ⊗ color ⊗ spin state, in the symmetry breaking of SU(3) condition. As described in Ref. [6] , from a point of view of SU(3), the Young tableau of flavor state containing two strange quarks for I=0, I=1, and I=2, is represented as follows : In Appendix A, each of the flavor state, which will be used to understand our procedure, will be presented in detail.
In the same way as described in the previous paper [24] , we can construct the fully antisymmetric flavor ⊗ color ⊗ spin state of the dibaryon with S=0, by combining the flavor state with the color ⊗ spin state, which is obtained from CS couping scheme in subsection B. For each of flavor state, the fully antisymmetric flavor ⊗ color ⊗ spin state is given as follows : 
Eq. (28) is a fully antisymmetric state for I=2, in which the flavor 28 multiplet state lies. In order to consider the symmetry breaking of SU(3) in these fully antisymmetric states with respect to isospin I, we need to restrict the position of the two strange quarks to any two among the possible 15 ( 6 C 2 ) places. In our work, the fixing of the positions of the two strange quarks onto the fifth and sixth is performed by taking the cases where the strange quark resides in other positions to zero; s(1), s(2), s(3), and s (4) We need to investigate more to make the completely antisymmetric flavor ⊗ color ⊗ spin state in terms of {1234}{56} state, prior to finishing this subsection. According to the way of fixing two strange quarks, there are 14 more partially antisymmetric states in addition to {1234}{56} state, where the two strange quarks is located on the fifth and sixth position in the {1234}{56} states. These states are given as follows; {3456}{12}, {2456}{13}, {2356}{14}, {2346}{15}, {2345}{16}, {1456}{23}, {1356}{24}, {1346}{25}, {1345}{26}, {1256}{34}, {1246}{35}, {1245}{36}, {1236}{45}, {1235}{46}, in addition to {1234}{56}. These states are orthonormal to each other, because one has at least a strange quark in a different position, in contrast to the others. Moreover, the states for I is also obtained from the completely antisymmetric flavor ⊗ color ⊗ spin state, by performing the same procedure with two strange quarks in different positions presented above. For any [1 6 ] with respect to I, the completely antisymmetric state can be explicitly expressed by,
As interesting points, we find that the other states in Eq. (29) except for {1234}{56} state can be directly obtained from the {1234}{56} state, by using Eq. (33), which are identities obtained from Eq. (29) itself. In Eq. (33), (ij) is the permutation operator that exchange between i and j. From Eq. (33), we can introduce a formula so as to simplify our arguments: we define the following formula from the fact that the {1234}{56} state can be extracted from the completely antisymmetric [1 6 ] state by taking s(1), s(2), s(3), and s(4) → 0 so that
The acting of the permutation operator (ij) of the above equation on both of sides can be defined so as to satisfy the Eq. (33), given by,
where the minus sign appearing in the third line of the Eq. (31) 
Therefore, we find that {3456}{12} = (15) 
IV. CALCULATION OF THE EXPECTATION VALUE OF HYPERFINE POTENTIAL
In this section, we calculate the expectation value of hyperfine potential of the dibaryon in terms of isospin ⊗ color ⊗ spin state found in section III. Even though the expectation value of hyperfine potential of the dibaryon can be directly obtained from the full flavor ⊗ color ⊗ spin wave function of the state, the symmetry property of the state enable us to approach the expectation value of hyperfine potential of the dibaryon in terms of fully antisymmetric state mentioned in subsection C of section III, namely, in terms of the isospin ⊗ color ⊗ spin state. In calculating the expectation value of hyperfine potential of the dibaryon, it is much convenient to use the well-established formula [29] , which is applicable for fully antisymmetric state with SU(2) flavor, given by,
where N is the total number of quarks in a system, and
, that is, the first kind of Casimir operator of color SU(3) in the system of N quarks. To apply this formula to the {1234}{56} state found in subsection C of section III, we need to know the color state among particles 1, 2, 3, and 4, and between 5 and 6, because both of the color states are not in color singlet states. We can re-express the {1234}{56} state for I, by considering another way of constructing the {1234}{56} state; 
In the case for I=0, both of Eq. (17) and Eq. (18) can be rewritten in terms of Eq. (36) and Eq. (37) as
In the case for I=2, both of Eq. (24) 
Since among particles 1, 2, 3, and 4 , the isospin state is in a I=0 due to the Young-Yamanouchi basis [2, 2] , and the spin state is in a S=1 due to the YoungYamanouchi basis [3, 1] , the color state is in a color singlet for three quarks and in a color triplet for one quark, while, for two quarks 5 and 6 without a solid line, the isospin state is in a I=1 due to s(5)s(6) represented by the symmetric Young-Yamanouchi basis [2] , and the spin state is in a S=1 due to the same reason as the isospin state, and the color state is in a anti-triplet. In this way, the eigenstates is characterized by the following equations ;
Using the above equations, Eq. 1, 2, 3, 4, j=5, 6 ) , where the number of choice for i and j is 8, we note that each of the expectation value is the same as that of −λ For the case of I=0 where flavor state is in a singlet before the symmetry breaking of SU(3), the expectation value of hyperfine potential in terms of a fully antisymmetric state, |[F 1 , C, S 0 ] is rewritten, by using the Eq. (34);
Then, we have enough equations to calculate the −λ 
In the first line of the Eq. (49), the expectation value is -24, by making use of another formula [29] , which is very well known for flavor SU(3) symmetry, given by,
where
Then, we can calculate the −λ 
The final results for the matrix elements are summarized in Table III . The corresponding matrix elements for the baryon in Isospin symmetric states are given in Table IV . It is interesting to discuss the hyperfine factors for the difference between a dibaryon state and its lowest two baryon threshold. In the SU(3) symmetric limit, all quarks will have the same mass. In this case, the hyperfine factors appearing in the three columns in Tables III and IV will contribute with equal strength to the potential. Therefore, the factor for I = 0, F 1 state is 6 × (−5/6) + 8 × (−11/4) + 3 = −24, while that for the two Λ state is -16, resulting in an attractive contribution with a factor -8. However, consider the limit where the strange quark mass becomes infinitely heavy. Then, the contribution from the second and third column in both Table III and IV will not contribute. This will not have any effect on the two Λ threshold but the dibaryon hyperfine factor will now become just -5. Hence, it is natural that the dibaryon could become stable when the strange quark mass decreases. However, when the SU(3) symmetric mass increases, the attraction will become smaller. As will be borne out in the next section, although one still can not find a bound state, the general tendency seems to be true. We summarize all matrix elements for both hyperfine and confinement potential of the dibaryon in Table III  and Table V . To compare matrix elements for hyperfine potential of the dibaryon, we show that of the baryon in Table IV . For matrix elements for confinement potential of the baryon, it is very easy to show from the Eq. (52) that − λ c i λ c j ( i<j =1, 2, 3 ) is 8/3. We note that direct calculations of the expectation value of both hyperfine and confinement potential in terms of {1234}{56} state, which is obtained in subsection B of section III, is equal to those mentioned above.
V. NUMERICAL RESULTS
In this section, we analyze the numerical results obtained from the variational method, by using a total wave function that consists of the spatial function in Eq. (6) as the trial function and the color ⊗ isospin ⊗ spin state constructed in the previous section. Since there are two color ⊗ isospin ⊗ spin states for I=0, given by {1234}{56} [F 1 ;I 0 ,C,S 0 ] and {1234}{56} [F 27 ;I 0 ,C,S 0 ] , the expectation value of the Hamiltonian is a 2 by 2 matrix in terms of the two color ⊗ isospin ⊗ spin states. Therefore, the ground state for I=0 must be represented as the mixing form of {1234}{56} [F 1 ;I 0 ,C,S 0 ] and {1234}{56} [F 27 ;I 0 ,C,S 0 ] . For the same reason, the ground state for I=2 must be represented as a mixed state of {1234}{56} [F 27 ;I 2 ,C,S 0 ] and {1234}{56} [F 28 ;I 2 ,C,S 0 ] . Table VI shows the result of the analysis for the mass of the dibaryons containing two strange quarks with S=0, with respect to I. Table VII shows the matrix element of the expectation value of the Hamiltonian for I=0 and I=2. As we see in Table VI , there are no bound dibaryons againt the strong decay into two baryons. It should be emphasized that our approach only probes compact six quark states based on color confining and color-spin potential. To probe molecular configuration, we have to include possible long range forces induced by meson exchange potentials. Moreover, the trial spatial wave function should have sufficient parameters to allow for largely separated two baryon states. Therefore, the nonexistence proves that there are no compact six quark dibaryon states possible. In I=0 and I=2, the {1234}{56} [F 1 ;I 0 ,C,S 0 ] state and {1234}{56} [F 27 ;I 2 ,C,S 0 ] state are overwhelmingly dominant terms in each of ground state, respectively, so that the mixing effect is nearly negligible. So far, we investigated the stability of the dibaryon in the realistic case of broken SU(3) falvor, where we took m s to be heavier than m u (=m d ). We now consider the possibility of stable H-dibaryon in the flavor SU(3) symmetric limit. Such possibility was recently proposed by lattice calculation [20, 21] . In Ref. [21] , using the baryonbaryon potential extracted from lattice QCD in flavor SU(3) limit, the H-dibaryon was found to be stable for pseudoscalar meson mass of 673-1015 MeV. Under such circumstance, since the strange quark mass m s will be identified with the m u , the flavor ⊗ color ⊗ spin state should be fully antisymmetric, only if we choose the spatial function to be fully symmetric. So, for the flavor ⊗ color ⊗ spin state with full antisymmetry, we use the |[F 1 , C, S 0 ] state in Eq. (27) , and for the spatial function with full symmetry, we use that introduced in the our previous paper [24] . Moreover, to compare our work with the result of the previous paper, we try to search for the existence of the stable H-dibaryon in a wide range of π meson mass.
For this purpose, we will keep most of the parameters in Eq. (1) the same, but refit D and κ 0 to better reproduce the meson spectrum. The fitting parameters, including m c and m b , are given in Table VIII . The meson masses obtained from the variational method with the fitting parameters are given in Table IX . We now increase π mass smoothly by varying the constituent quark mass from 347 MeV to 917 MeV. The resulting mass difference between the H-dibaryon and two Λ bayrons are plotted in Fig. 1 as a function of the pion mass. First, it should be noted that when m s is reduced to m u , the mass difference decreases to below 170 MeV, which is smaller than that of the realistic case given in Table VI . This result is consistent with the hyperfine interaction becoming larger as discussed in the previous section. On the other hand, as one increases the pion mass, as can be seen in Fig. 1 , it is found that the mass difference between the H-dibaryon and two Λ baryons increases monotonously. This seems to be a consequence of the overall weakening of the hyperfine interaction due to the prefactors proportional to the inverse quark masses. The wave function is also becoming more compact as can be seen from Fig.2 which makes the contribution from the additional kinetic term larger. Hence, one can conclude that even in the flavor SU(3) symmetric limit, there is no stable compact H-dibaryon for a wide range of pion mass. But to probe a possible molecular bound state, further input in the Hamiltonian and trial wave function would be needed. 
VI. SUMMARY
For the dibaryon containing two strange quarks with S=0, such as, uuddss, uuudss, and uuuuss, we have constructed the flavor ⊗ color ⊗ spin state both in the flavor SU(3) symmetric and breaking cases appropriate for the symmetric spatial wave function, satisfying the Pauli principle. We showed that the possible dibaryon states could be classified in terms of the symmetry property of Young tableau. It is found that the symmetry breaking of flavor SU(3) reduces the fully antisymmetric states in flavor SU(3) into the color ⊗ isospin ⊗ spin states in flavor SU (2) .
In order to investigate the stability of the dibaryon, we adopted the nonrelativistic Hamiltonian, including confinement and hyperfine potential, and calculated the mass of the dibaryon, by using the variational method.
We conclude that there are no compact bound dibaryons states that are stable against the strong decay into two baryons in both the symmetric and symmetry breaking limit of flavor SU(3). Further improvements in the potential as well as more sophisticated spatial trial wave function are needed to probe largely separated two baryon molecular bound state.
Acknowledgements In this Appendix A, we systematically investigate how to find out the flavor state, in which lie SU(3), by introducing a generator operator. As mensioned in subsection C of section III, we presented the flavor states, which correspond to Young-Yamanouchi basis. In dealing with each of flavor multiplet, in particular, it shoud be noted that for a given flavor multiplet, the representation of the flavor states are different with respect to isospin. First, we consider flavor 27-multiplet with 9 dimension, concerning I=0, I=1, and I=2. For given I, once we find one state among the flavor multiplet, the others can be easily obtained by applying a permutation operator.
1.
Flavor 27-multiplet with I=0
The |F 27 1 state with I=0 is obtained by introducing the following generator operator;
where A (6) gives 2uussdd + 2ddssuu -udssud -udssdu -dussud -dussdu, which will be denoted by I 
2.
Flavor 27-multiplet with I=1
The |F 27 1 state with I=1 is obtained by introducing the following generator operator; 
3.
Flavor 27-multiplet with I=2
The |F 27 1 state with I=2 is obtained by introducing the following generator operator;
where A (4)s (5)s (6) gives 2uuuuss + 2ssuuuu -suuuus -suuusu -usuusu -usuuus, which will be denoted by 2I (2)s (6), because the four quarks except for two strange quarks is in the I 2 represented in Eq. (23). Then, G For |F 28 state with 1 dimension, the state with I=2 is obtained by introducing the following generator operator;
where S 6 is permutation group for particles 1, 2, 3, 4, 5, and 6. The action of the G
28
I=2 on u(1)u (2)u (3)u (4)s (5)s (6) gives the |F 28 state with I=2, whose the symmetry property has [123456] , because π σ∈S6 σ = σ∈S6 σ for π ∈ S 6 .
5.
Flavor singlet with I=0
For flavor singlet, it is convenient to deal with |F 1 5 state, because the flavor singlet state come from the flavor singlet for the particles 1, 2, and 3, and the flavor singlet for the particles 4, 5, and 6. The |F 1 5 state with I=0 is obtained by introducing the following generator operator ;
where (−1) σ is 1 if σ is an even permutation, and -1 if σ is an odd permutation, and the first permutation group S 3 is applied on the particles 1, 2, and 3, and the sencond, the particles 4, 5, and 6. The action of the G (A6) F 27 multiplet for I=1; 
